INTRODUCTION
The World Health Organization defines encephalic vascular accident, EVA, as a rapid onset clinical syndrome, which leads to a focal cerebral damage of vascular origin, with duration longer than twenty-four hours. Studies regarding this prevalence estimate that there are about 5 to 10 cases/1000 inhabitants, worldwide, revealing an estimate of surviving cases in EVA patients. It is expected that, approximately, 60% of survivors recover independence for self care and 75% recover independent gait, and 20% will require institutional care. Frequently, the cerebral lesion caused by EVA leads to disabilities, which are problems related to body functions and structures such as organs, limbs and their components. As a consequence, such disabilities may generate difficulties in the performance of activities, as well as restrictions in participation, those related to problems that an individual may face by getting involved in life situations.
Based on the above, the rehabilitation process is fundamental in minimizing the impact of cerebral lesion on the patient's quality of life. in short term, but not in the long term, six months, considering an average of twenty-three months from onset 4 (A).
When compared to the bilateral training of upper limb performed for two hours a day, five days a week for three weeks, the constraint-induced movement therapy associated with movement restraint of the affected upper limb for six hours a day and intensive training of the paretic upper limb for the same period of two hours a day, five days a week, during three weeks, is better for the improvement of the "locomotion" item on the Functional Independence Measure (p = 0.011), for the improvement of the quality-related scores (p = 0.004) and quantity (p = 0.042) of movement of the Motor Activity Log, in the evaluation of the upper limb function of the affected limb after the EVA. The constraint-induced movement therapy is also better than bilateral training for promoting higher quality of life (Stroke Impact Scale -SIS: p = 0.003) and in the controls related to the performance of Activities of daily life and Instrumental Activities of daily life (SIS: p = 0.024) and social participation (SIS: p = 0.009) 5 (A).
Recommendation
The constraint-induced movement therapy, when performend between ten and fifteen, associated with the restraint of the unaffected upper limb for 80% to 90% of the waking hours for two to six hours of intensive repetitive and standardized training, is recommended for the functional recovery of the upper limb affected by chronic EVA, impacting in the improvement of the Activities of daily life and Instrumental Activities of daily life, as well as in these patients' higher quality of life. However, the maintenance time of the improvements acquired varies according to the intervention time, as well as the protocol used.
Does the use of FES benefits the treatment of hemiplegic upper limbs of patients with EVA in chronic phase?
The bilateral movement training of the upper limbs associated with the use of functional electrical stimulation FES may be an effective method in the rehabilitation of the upper limbs of patients with EVA, chronic, after fifteen training sessions, each intervention session with 1.5 hour duration, of those, ten minutes for stretching; twenty-minutes of using FES associated with bilateral tasks that demand hand manipulation and sixty minutes of occupational therapy conventional treatment.
FES parameters: 40 Hz stimulation frequency; 200 mms pulse width; 3.8 cm diameter electrodes applied to the superficial motor point on the extensors and thumb long abductor.
The FES group post-treatment showed improvement on the Fugl-Meyer Assessment (p = 0.039) scores, for the active movement amplitude of wrist extension (p = 0.020) and on the Functional Test for the Hemiplegic Upper Extremity (p = 0.001) 6 (A).
The use of FES in a daily program at home, in the course of a five month period with duration of six days a week, as a continuation of the clinical rehabilitation, may improve, effectively, the wrist movement amplitude in 6.23 (p < 0.05) and fingers 6.95 (p < 0.05) and for shoulder flexion 22.1 (p < 0.001); the motor performance regarding time in the tests 10 -cmt: f = 18.72, (p < 0.01) and 9 -pht: f = 12.27, (p = 0.01); on the Modified Ashworth Scale (MAS) at the beginning of treatment in the wrist area obtained 3:1 and 2:4 and after the treatment obtained 2:1 and 1:4.
Target muscles: extensor carpi radialis brevis and longus, extensor indicis proprius and deltoid 7 (A).
Recommendation
The use of FES provides benefits in the treatment of the hemiplegic upper limb of patient with EVA in the chronic phase, regarding gains of amplitude of movement, spasticity reduction and improvement of upper limb motor function.
This study used as target muscles: extensor carpi radialis brevis and longus, extensor indicis proprius and deltoid.
What is the effectiveness of using upper limb orthoses on post-EVA hemiplegic patients?
On patients with subacute hemiplegia, up to eight weeks post-EVA, with no active wrist extension, the use of wrist and fingers positioning static orthosis, with the wrist in neutral position (0-10 degrees) (NP) or at extension, 45°, (EXT), for nine to twelve hours of night use during a period of four weeks, prevents the contraction of the wrist in flexion, when compared to the conventional rehabilitation treatment. There is a loss in the amplitude of movement, AOM, of the wrist after six weeks, four weeks of intervention, plus two weeks of continuance, and the orthotization shows little or no effect in the loss of AOM prevention. The average result of the use of NP orthosis was 1.4°, within four weeks and 4.2° within six weeks. As for the orthosis with the wrist in extension, EXT, showed average result of -1.3° for four weeks and 1.8° for six weeks. It is observed that the orthosis with the wrist in neutral provides less reduction to the wrist extensibility after six weeks when compared to the EXT wrist orthosis with result of 13.3° PN orthosis; 14.3° EXT wrist orthosis. No statistically relevant results were found for upper limb function (Motor Assessment Scale), spasticity (Tardieu Scale) and disability (Disabilities of the Arm Shoulder and Hand -DASH) 8 (A).
On patients with subacute hemiparesis, two weeks to three months post-EVA, and motor impairment in distal upper limb, the static orthosis for functional realignment or the wrist in neutral position and free fingers, use for a minimum of six hours a day, associated with the conventional rehabilitation treatment, two Physical Therapy sessions and one Occupational Therapy session, daily, and Neuropsychology and Phonoaudiology sessions whenever indicated, after thirteen weeks, showed the reduction of hand pain in 7% occurrence of pain when compared to not using, 53% occurrence of pain, showing significant differences regarding the pain prevention aspect. The motor recovery scales, (FUGL-MEYER), spasticity (Modified Ashworth Scale) and Amplitude of Movement, AOM, passive, however, did not show significant differences. Nevertheless, there is a higher loss of wrist mobility (AOM), changing from 7% at the beginning, to 62% after thirteen weeks 9 (A).
Patients with post-EVA hemiplegia after six months from the lesion, chronic, with amplitude of movement limitation of elbow extension and hypertonia of the elbow flexors, that had Occupational Therapy treatment, two hour sessions, once a week for sixteen weeks, associated with the application of type A botulinum toxin to the muscles: biceps, brachialis and brachioradialis, and the use of dynamic orthosis for elbow extension for six to eight consecutive hours during sleep, showed a significant improvement on the amplitude of movement, AOM, when compared to the application of type A botulinum toxin plus Occupational Therapy, in which there was no use or orthosis, being 33.5% average variation of the AOM in the experimental group versus 18.7% average variation of the AOM in the control group. However, there was no significant improvement in the spasticity scale, being 9.3% average improvement on the Modified Ashworth Scale for the experimental group and 8.6% average improvement for the control group 10 (B).
Patients with chronic hemiplegia and spasticity of upper limb, with no functional use of the hand, that do not use static orthosis for the positioning of wrist and fingers in functional position during the first week, but use orthosis from the third to the seventh weeks when compared to patients that use orthosis from the second to the seventh weeks, i.e., five weeks versus six weeks of orthosis use, it is observed the minimum effect, clinically, valid of reduction of 6 N (newtons), or 40% of normal, in the quantity of resistance of flexors of wrist and fingers and 10° improvement to the amplitude of movement, AOM, of wrist extension. The effects were discreet and did not reach the estimated value, clinically, valid for the reduction of short term muscle resistance, however, the average of long term effect size exceeded the lowest effect, clinically, valid, which suggests that performing studies with a larger sample to demonstrate the results obtained with greater clarity would be indicated. It is demonstrated, therefore, that orthotization may maintain the articular conditions and prevent the loss of AOM, however, it seems not to be effective in the reduction of muscle resistance of the flexors of the wrist and fingers or in the reduction of flexor tone, and also that the use of orthesis for longer periods presents better results than the use for a shorter period 11 (B).
Regarding the use of orthosis for the positioning of wrist and fingers of ventral or dorsal shape, it was observed the reduction of hypertonia of the flexors of wrist and fingers, with no significant differences, within a six week period. There are, however, methodological limitations, which indicates the need for more profound studies and with larger samples 12 (B).
Patients with post-EVA hemiplegia, in the subacute and chronic phases, with no functional hand movement and upper limb spasticity that use ventral static orthosis for the positioning of wrist and fingers in functional position for at least 90 minutes a day, for three months, show significant improvement in the amplitude of movement, AOM, passive of the wrist (pre-intervention, t0 = 123 and 3 months after intervention, t3 = 143 degrees), being more evident in the chronic patients (t0 = 115 and t3 = 142 degrees) than in the subacute ones (t0 = 133 and t3 = 140 degrees). The passive AOM of the elbow presents significant improvement only in the subacute group (t0 = 129 and t3 = 135 degrees). There is also significant reduction in the Modified Asworth Scale for the elbow (t0 = 1.7 and t3 = 1.3), in the severity of the wrist pain and in spasm frequency. The relationship between the maximum amplitude of H reflex and the maximum amplitude of the M response (Hmax/Mmax) of the flexor carpi radialis muscle also presents significant reduction 13 (B).
Patients with subacute hemiparesis post-EVA which are treated with conventional rehabilitation five times a week, associated with the electromyographic evaluation with median nerve stimulation for the evaluation of the H reflex and M response in the flexor and extensor muscles of the wrist and fingers and elbow, with and without orthosis for the positioning of the wrist in neutral position and abduction of thumb, presented reduction of the flexor hyperactivity with the use of the orthosis, reducing the coactivation of antagonist muscles, in the fingers, wrist, and elbow. The use of orthosis for ten minutes reduced the reflex excitability when compared to the base evaluation. Patients that used orthosis for eight hours a day, for eight weeks, showed reduction of the flexor sinergy and improvement in the amplitude of movement of the extension of the fingers and flexion of the shoulder, as well as significant reduc-tion of muscle tone of flexors of the elbow and fingers after eight weeks using the orthosis 14 (B).
The conclusion is that there is not enough evidence to affirm or contest the use of upper limb orthoses in adults after Cerebral Vascular Accident. The widely spread use of upper limb orthoses in EVA cases notwithstanding, only eighteen studies, five of those randomized, assessed the effects of orthothization in this population. The poor methodological quality and the heterogeneity of the study designs, methods, orthosis model, use regimen and results; prejudice the association and analysis of the data found. The majority of published papers was based in opinions with no clear quantitative and statistic analysis, 44%, and, only, 26% of the analyzed studies were based on experimental study designs 15 (B).
Recommendation
It is observed that the use of orthosis shows positive results related to the prevention of reduction of amplitude of movement of the wrist, preservation of the arc of movement, prevention of hand pain and reduction of the spasticity of the flexors of the elbow, wrist and fingers; however, there are no evidences regarding the improvement of upper limb motor function.
The fact should be considered that several aspects influence the indication, type of orthosis, time of use, and short and long term results, among those: post-EVA neurological recovery stage, motor function level, changes in tone, active and passive amplitude of movement, articullary conditions, sensitivity, pain, patient's adherence to the treatment regimens and goals to be achieved with the use of orthosis.
That is why the indication of orthoses should be made by licensed professionals and, preferably, within the rehabilitation treatment context, which allows that the medical staff and occupational therapists perform the specific evaluation and identify the goals to be achieved, thus selecting the adequate orthosis model and its use regimen, and also the evaluation and reevaluation instruments that will ensure that this therapeutic resource is, in fact, effective.
In the clinical practice it is observed the effectiveness of the use of upper limb orthoses with different goals such as: articular alignment, stabilization, and postitioning, maintenance or improvement of the arc of movement, prevention of deformities and contractions, improvement of hand function. However, new studies will be required so that a standardization can exist in the use of this resource in clinical practice based on scientific evidence that will make possible the more precise definition regarding orthosis models to be used and their details, treatment regimens, standard evaluation instruments, and treatment protocols, thus allowing presenting and discussing the benefits of using orthoses in EVA in a clearer and more objective manner, by means of the employment of high quality methodology resources.
Does surface electromyographic biofeedback in hemiplegic upper limb brings benefits for post-EVA patients in chronic phase?
Biofeedback, BFB, is the process of physiological events monitoring in humans, with the use of electronic equipment, with display of information in visual and/or audio signals and allows the individual to self regulate a physiological function, i.e., exert a voluntary control over specific physiological responses.
The surface electromyographic Biofeedback, EMG-BFB, allows the monitoring of muscle activity by means of surface electrodes placed on the skin that sense myoelectric signals from the muscles and convert them to visual and audio signals, that may be understood and controlled by the patients, in real time, according to specific rehabilitation techniques regarding motor control and neuromuscular reeducation, for the improvement of motor function.
It is a therapeutic resource that has been used on the treatment of hemiplegic patients since the 1960's and since then several studies have been conducted to evaluate its effectiveness within this population, relating benefits in chronic and acute phases, being used on upper or lower limbs, contributing in the global functional recovery.
In the wrist flexor muscles spasticity, upper limb function and skills for the performance of activities of daily life in patients with post-EVA hemiplegia in the subacute and chronic stages, which had conventional rehabilitation and neurodevelopmental treatments, and verbal encouragement to relax spastic flexor or the wrist muscles, the electromyographic Biofeedback, EMG-BFB, performed for three weeks of treatment, five times a week during twenty minutes, in which the patient was instructed to maintain muscular activity of the flexors of the wrist in a base line, aiming the muscle relaxation, there was significant improvement in the upper limb function and skills in the performance of activities of daily life (upper extremity function test-UEFT p < 0.05 / pre-treatment = 0.40 ± 0.82 / post-treatment = 1.20 ± 1.39; Fugl-Meyer Scale -FMS p < 0.001 / pre-treatment = 2.40 ± 3.06/ post-treatment = 6.90 ± 6.34; Barthel Index -BI p < 0.001 / pre-treatment = 44.50 ± 11.45 / post-treatment = 75.50 ± 14.03), active wrist extension amplitude (Goniometry p < 0,05 / pre-treatment = 0.50 ± 2.23 / post-treatment = 13.25 ± 20.92), muscular activity measurements (p < 0.001 / pre-treatment = 288.68 ± 68.09 / post-treatment = 233.42 ± 15.04) and spasticity reduction (Ashworth Scale p < 0,05), being Ashw 1 pre-treatment = 1 (5%) / post-treatment = 12 (60%), Ashw 2 pre-treatment = 12 (60%) / post-treatment = 8 (40%), and Ashw 3 pre-treatment = 7 (35%) / post-treatment = 0 (0). When compared to conventional treatment, there is significant difference in the upper limb function items, ULF, skills in the performance of activities of daily life, BI, and for the spasticity reduction, Ashworth, in favour of the EMG-BFB treatment 16 (A).
In patients with subacute hemiparesis, in therapeutic exercises program based on Brunnstom's neurophysiological approach, forty five minutes a day, during twenty sessions, associated with the electromyographic Biofeedback, EMG-BFB, in which the instruction was to perform wrist extension according to visual and audio feedback observed through the session, administered five times a week, during twenty minutes, for twenty sessions, were observed significant improvements on the motor function recovery scales (Brunnstrom Scale (p < 0.01), however, with no significant differences between EMG-BFB and placebo. Nevertheless, the results for amplitude of movement of the wrist (p < 0.001; p < 0.05) and surface electromyographic potentials (p < 0.001; p < 0.01) show significant differences in favour of EMG-BFB 17 (A).
In patients with chronic hemiplegia, with upper limb functional limitation and hypertonia of the flexors of the elbow, the intervention with standardized movements of extension of the elbow associated with biofeedback, EMG-BFB, in twenty-five-minute sessions, for ten sessions, showed significant improvement in the amplitude of movement of the elbow (control group = 14.90 p = 0.021 / experimental group = 16.95 p = 0.008), however, when compared to the placebo no difference was observed. There was improvement in the activation of the upper limb muscles during the tasks asked, with significant improvement in the electromyographic activity of the triceps which performed EMG-B (control group = 6.92 p = 0.15 / experimental group = 14.21 p = 0.035) 18 (A).
Patients with chronic hemiplegia and hand function limitation that received Occupational Therapy and application of Functional Electrical Stimulation treatment (OT + FES) twice a week, compared to the Biofeedback, EMG-BFB treatment, in addition to OT + FES, during a period of twelve months, are observed significant results at six and twelve months for the improvement of amplitude of movement, AOM, of wrist on both groups (OT + FES group: initial 30 and hand dexterity (OT + FES group: initial 0.0073 ± 0.1608 / after six months 0.0092 ± 0.1929 and EMG-BFB group: initial 0.0082 ± 0.1581 / after six months 0.209 ± 0.2119 / after twelve months 0.2461 ± 0.2346 with p < 0.001). There was also reduction of spasticity on both groups for the flexors of the elbow (OT + FES group: initial 1.37 ± 0.85 / after six months 0.98 ± 0.77 / after twelve months 0.84 ± 0.63 and EMG-BFB group: initial 1.74 ± 0.78 / after six months 1.08 ± 0.61 / after twelve months 0.74 ± 0.50 with p < 0,001) and flexors of the wrist (OT + FES group: initial 1.34 ± 0.92 / after six months 1.00 ± 0.72 / after twelve months 0.86 ± 0.62 and EMG-BFB group initial 1.66 ± 0.77 / after six months 1.08 ± 0.62 / after twelve months 0.72 ± 0.48 with p < 0.001). The comparison between both groups did not show significant differences in items regarding manual dexterity (p = 0.067), AOM of the elbow (p = 0.07), spasticity of the elbow (p = 0.47) and spasticity of the wrist (p = 0.59), but it demonstrated significant diffrerences in the items of AOM of the wrist (p = 0.02) and hand function (p = 0.02), in favour of the Biofeedback treatment. The evaluation tools used were the Modified Ashworth Scale, the Minnesota Manual Dexterity Test, and the Hand Function Test 19 (A).
The use of surface electromyographic Biofeedback intended for motor function recovery, in patients with post-EVA hemiplegia, does not show effects for the improvement in the amplitude of movement and functional skill, but there are evidences of improvement in the amplitude of movement of upper limb articulations, motor function, functional recovery and gait quality when associated with the conventional rehabilitation treatment, such as physical therapy. It was not possible to conclude if the observed benefits can be maintained or tend to be reduced with time. It was also concluded that EMG-BFB can be considered a safe treatment since there were no reports of adverse effects In the analyzed studies, and that randomized controlled studies are necessary, with adequate evidence strength and padronized evaluation tools for ascertaining the effectiveness of the Biofeedback treatment 20 (A).
Recommendation
The use of Biofeedback, EMG-BFB, in the rehabilitation of patients with post-EVA hemiplegia, focused on the upper limbs, shows evidences of benefits in the improvement of articular amplitude of movement, muscular activity, reduction of spasticity, improvement of motor function, and in the performance of the activities of daily life.
Because of this, EMG-BFB is not a routine treatment for hemiplegic patients, but a complementary therapeutic resource to the conventional rehabilitation treatment, which can perfect the results and shows benefits on a shorter treatment period while it provides an improvement in the patient's body perception and movement consciousness, showing better motor responses in a shorter period of time when compared to therapeutic situations in which this kind of feedback is not provided.
The evaluation tools for amplitude of movement, spasticity, motor function, functional performance, hand function and propioception must be applied in a padronized manner in order to evaluate the benefits of this type of treatment for each case and must be associated with the analysis of muscular activity shown by the equipment, which must be performed continuously.
For a better definition regarding the effectiveness of the use of Biofeedback and to demonstrate in a more padronized manner and with adequate methodological quality, the benefits observed in clinical practice, which will allow EMG-BFB to be known as an important therapeutic resource in the treatment of patients with post-EVA hemiplegia, and that more people have access to this type of treatment, that can contribute in a positive manner to the rehabilitation.
What are the benefits of bilateral training compared to unilateral training in the treatment of patients in post-EVA chronic phase?
Regarding unilateral training, the upper limbs bilateral training, both combined to the neuromuscular stimulation, applied in ninety-minute sessions, four days a week, for two weeks, is better for the improvement of the movement time (p < 0.01), speed (p < 0.038) and speed variation (p < 0.029), as well as in the movement deceleration time (p < 0.026) in the paretic upper limb 21 (B).
Bilateral training also provides positive impacts in movement generalization, i.e., in the distal to proximal transference of the upper limb with EVA in the chronic phase 21 (B).
Patients with EVA in the chronic phase, average 6.3 years after the episode, present significant improvement in the motor skills of the paretic upper limb after six days of bilateral training (Modified Motor Assessment Scale -MAS score: p = 0.0234), as well as reduction of the excitability of the motor cortex of the unaffected hemisphere (TMS: p = 0.09). When compared to the unilateral training, the bilateral training is better for the recovery of the paretic upper limb function (MAS score: p = 0.0094) and there is no difference in the excitability of the motor cortex of the unaffected hemisfhere (p > 0,7) 22 (A).
However, there are no evidences of improvement by means of kinetic variables after the intervention when compared to unilateral training 22 (A).
Compared to unilateral training, bilateral training provides improvement in the movement speed of the paretic upper limb (p < 0.01), as well as in the precision and smoothness in reaching tasks (p < 0.001). There is correlation between the improvement in the speed and in the performance of the time component of the Bilateral training performed on patients suffering from EVA, chronic, with moderate disability of the paretic upper limb (Fugl-Meyer Upper Extremity score: 19 -40) is better in comparison with unilateral training, performed during eight weeks, three times a week, with one-hour sessions, in the improvement of the shoulder stability and movement (Motor Assessment Scale/Upper Arm Function: p > 0.021) 24 (A).
There is also significant improvement from bilateral training, not compared to unilateral training, of 27% in shoulder stability and movement function and 18% in upper limb global function, i.e., on all items of the Motor Assessment Scale, including gross and fine motor functions (p = 0.02) 24 (A).
Bilateral training provides the enhancing of muscular strength for flexion of the shoulder (p = 0.002), flexion of the wrist (p = 0.029) and extension of the fingers (p = 0.05) 24 (A).
Recommendation
Training with bilateral functional activities for the upper limbs of patients with EVA in chronic phase, with mild to moderate disability, performed for two to eight weeks is superior compared to unilateral training in the functional improvement of the paretic upper limb, but with greater evidence for proximal gains, shoulder and elbow movement, when evaluated by the Motor Assessment Scale, MAS. There is also superiority of the bilateral training in the components: kinematic, speed, deceleration and smoothness of movement during performance of reaching tasks with upper limbs.
On the other hand, the application of bilateral training in an isolated manner improves muscular strength for the movements of flexion of the shoulder, flexion of the wrist and extension of the fingers, corresponding to the improvement of the global function in bimanual skills.
Is the robot-assisted therapy effective for the improvement of hemiplegic upper limb motor control in the post-EVA chronic phase?
Robot-assisted therapy, performed three times a week for six weeks in one-hour sessions, applied to post-EVA patients in the chronic phase, average of thirty-one months after the episode, reduces, significantly, disability, from moderate to severe, of the paretic upper limb (Fugl-Meyer: p = 0.001), with higher evidence for gains in shoulder and elbow (Motor Status Scale score: p = 0.01), as well as provides enhancement of muscular strength also in shoulder and elbow muscles (Medical Research Council: p < 0.0001). For hand and wrist movements, there is moderate improvement (p = 0.03), however nonspecific. There is no evidence of improvement in shoulder pain after intervention (p = 0.07), as well of improvement of spasticity (p = 0.23) 25, 26 
(A).
Compared to sensorimotor robotic therapy, i.e., with robot-assisted movements, the progressive resistance therapy, opposed force generated by the robot, provides improvement, more significant, in the wrist and hand movements (MSS: p = 0.006), considering that the progressive resistance therapy was performed for a three week period 25, 26 (A) .
In the period of four months after intervention, there are significant evidences of maintenance of the gains regarding voluntary movement (Fugl-Meyer: p < 0.0001) and muscular strength (Medical Research Council: p < 0.0001) in upper limb, with greater significance for shoulder and elbow movements (Motor Status Scale score: p < 0.0001) 25, 26 (A).
When both robotic techniques are compared, resistance training and active assistive training with one-hour sessions, three times a week, for six weeks, adding up to eighteen hours of intervention, there are no differences regarding gain of voluntary movement, on the improvement of strength and muscle tone. There are greater evidences of improvement to the voluntary movement of the paretic upper limb in patients with mild disability than in those with severe disability 27 (A).
Patients with time over twelve months after EVA, with moderate to severe upper limb disability, receiving training in functional components of tasks without technological assistance, for 3.5 hours a day, five days a week, for twelve weeks, show significant improvement to the upper limb function after the intervention with robotic therapy, emphasizing shoulder and elbow, when compared to the functional neuromuscular stimulation, FNS, applied to the muscles of the wrist and fingers, both for 1.5 hour a day, (Arm Motor Ability Test: p = 0.026) with greater evidence for the tasks that include components of movements for shoulder and elbow (AMAT-S/E: p = 0.023). In contrast, FNS improves the performance of the paretic upper limb in tasks that include distal movements components, wrist and hand, (AMAT-W/H: p = 0.049) 28 (A).
Both FNS and robotic therapy, provide significant improvement in the voluntary and synergetic movement of the paretic upper limb (Fugl-Meyer UE: p = 0.028 and p = 0.026, respectively) 28 (A).
Regarding the improvement of movement precision and smoothness, robotic therapy (p = 0.042, p = 0.013, respectively) is more effective when compared to FNS (p = 0.69, p = 0.190, respectively) 28 (A).
In the period of six months after intervention, there are no evidences of maintenance of the gains both for FNS and robotic therapy 28 (A).
Compared to intensive therapy, the Interactive Motion robot-assisted therapy applied on patients with time over six months after EVA, with moderate to severe disability, administered in eighteen one-hour sessions, three times a week, for six weeks or thirty-six one-hour sessions, three times a week, over a twelve week period, does not provide evidence of improvement to the voluntary movement, as well as in the functionality of the paretic upper limb according to the Fugl-Meyer Upper Limb scale, Motor Power Scale for Shoulder/Elbow, and Wolf Motor Function scales 29, 30 
There are no evidences of lower cost of robotic therapy when compared to intensive treatment 29, 30 
For patients also with time over six months after the EVA episode, for all levels of disability, mild, moderate, and severe, the robotic therapy with the mirror image movement enabler, MIME, distributed over twenty-four fifty-minute sessions, for two months, when compared to conventional therapy of equal intensity and duration, is superior regarding the improvement of proximal voluntary movement (Fugl-Meyer: p < 0.03), both on the first month (Fugl-Meyer: p < 0.05) and on the second month (Fugl-Meyer: p < 0.05), as well as of the proximal muscular strength (p < 0.02) after two months from the intervention. Regarding reach, the robotic therapy is superior to the conventional therapy (p < 0.01) after two months of treatment 31 (A).
There is no difference between robotic and conventional therapies regarding the improvement of the voluntary movement of the paretic upper limb after six months from the intervention, as well as regarding the improvement in the functionality, Barthel Index, and Functional Independence Measure 31 (A).
The robotic therapy performed over a two-month period in twenty-four fifty-minute sessions, provides expressive improvement both in the proximal voluntary movement (Fugl-Meyer: p < 0.001) and in the distal movement (Fugl-Meyer: p < 0.001). There are evidences of improvement (FIM: p < 0.04) of functionality after six months from the intervention with robotic therapy. Regarding muscular strength, the robotic therapy provides significant gains in the extension of the elbow, abduction, adduction flexion of the shoulder (p < 0.05) 31 (A).
With the robotic technology equipment coupled to virtual reality, after twenty-four sessions, patients with EVA moderate to severe disability, there is no difference when compared to conventional semi-autonomous exercises, partial therapist supervision, related to the functionality of the paretic upper limb, however, there is expressive improvement to the prehension strength (p = 0.01). Both robotic and conventional therapies provide modest improvement in the upper limb function. After six months of intervention, the robotic therapy shows superiority compared to conventional therapy regarding the gain in voluntary movement (Fugl-Meyer: p = 0.045). The robotic therapy produces results with greater evidence for gains in proximal upper limb 32 (A).
Ninety percent of patients prefer the robotic technology equipment coupled with virtual reality to the conventional therapy 32 (A).
Recommendation
There are two specific techniques proceeding from the robotic technology systems: robot active-assisted training or training resisted by the robot. Both techniques, applied three times a week, over a variable period of six to twelve weeks, provide modest results, however, expressive of improvement in the functionality of the paretic upper limb, more, specifically, proximal, in patients with EVA in chronic phase, with mild, moderate and severe disability. There are few evidences that such gains are maintained after six months of intervention.
However, when such techniques are compared to the conventional intensive therapy, padronized and repetitive there is no difference regarding results. Compared to neuromuscular functional stimulation, the robotic therapy is superior regarding the improvement in the precision and smoothness of movements.
On the other hand, the system applied for twenty-four fifty-minute sessions, during two months, four weeks, improves, significantly, the function of the paretic upper limb and functionality during activities of daily life after the intervention, however, there is no evidence of maintenance of such gains after six months.
There is not enough evidence regarding the effectiveness of robotic therapy on the improvement of motor control in the paretic upper limb of patients with EVA in chronic phase.
Is gait training on the treadmill, with or without
body-weight support, more effective than overground gait training for hemiplegic patients? Gait training of hemiplegic patients on the treadmill shows significant improvement compared to patients who perform overground gait training. The improvement is related to distance (p < 0.04), speed (p < 0.003), step length of R leg (p < 0.009) and L leg (p < 0.003) and step width, bilaterally, (p < 0.01), indicating a more symmetric use of the lower limbs 33 (A). Patients who perform body-weight-supported treadmill training, either associated with the electrical stimu-lation of the lower limb or not and patients who perform overground gait training show improvement in gait; ten-meter test (p < 0.001), six-minute test (p < 0.001), MMAS scale test, Modified Motor Assessment Scale, (p < 0.001), dynamic balance test (p < 0.001). However, there are no differences between the groups. One possibility for this similarity is the fact that the randomized patients for the overground training were trained on speeds higher than 2 k/h of the treadmill protocol and also without cane, with average age of fifty-two years 34 (A). Patients who perform body-weight-supported treadmill gait training show improvement in the gait pattern, verified by means of the functional balance (p = 0.001), motor recovery (p = 0.001), gait speed (p = 0.029), gait resistance (p = 0.018), when compared to those patients who perform gait training on the treadmill without body-weight suspension 35 (A).
Recommendation
Gait training for hemiplegic patients on the treadmill with or without body-weight support is effective. However, the overground gait training also provides functional gains to the hemiplegic patient.
Which is the most effective postural balance training for patients with chronic EVA?
In the balance training of the patient with EVA, chronic, some aspects must be considered, such as: the balance strategies adopted by the patients, postural reflexes, static balance, weight distribution on lower limbs, LLLL, and the patient's risk of falling. The Berg Balance scale, the Timed Up and Go test, TUG, the time of the step balance strategy and the body-weight distribution over the LLLL measured on the force platform are good measurement tools for the assessment of the fall risk and mobility of the patients and may be applied before and after training. Conventional physical therapy techniques, such as LLLL stretchings, mostly, of the spastic muscle groups of patients with EVA, muscular strengthening on higher postures such as in orthostatism 36 (A), training on postural change from sitting to orthostatism, gait and balance training 37 (A). Other techniques intended for dynamic balance, for instance, the training of patient's agility by means of different types of gait; figure of eight walking, different step lengths and speeds, side stepping, crossover stepping, and stepping over obstacles 36 (A). On training, sit-to-stand movements, may be performed either on hard or foam ground, the knee flexion angle can be changed from 105° to 90° and later to 75°, making the task harder and demanding more strength from the knee extensor muscles 37 (A). A distinct technique was used that can be combined with all the others is the omission of visual information: keeping the patients' eyes closed 36, 37 (A).
Recommendation
The most effective balance training is that which associates conventional physical therapy with agility techniques and offers the greatest number of sensory experiences.
Is gait training with orthosis more effective for the improvement of the hemiparetic patient's gait pattern than training without orthosis?
In general, patients that perform gait test with orthoses show better results when compared to the same test without orthosis [38] [39] [40] [41] (A). There is a difference in gait performance when the assessment is made with patients used to the orthosis in daily life. These are capable of performing the tests with superior improvement in the gait pattern when compared to the ones that used the orthosis for the first time 38 (A). The energetic spent is usually lower on patients that walk with an orthosis. Besides, step length and balance phase grow, thus reducing, considerably, the double support phase 41 (A).
The use of orthosis can be associated with the use of electrical stimulation for dorsiflexor musculature activation in the chronic hemiparetic patient. In this case, the use of isolated orthosis and of isolated electrical stimulation when compared to not using any of the resources show better results. When both resources are compared, there are no significant differences and in general better results tend to be achieved solely with the use of ankle-foot orthosis 39 (A).
The patient's opinion regarding the procedure is very important and must be taken into consideration. Improvement in self confidence and assurance in walking are reported when the resource is used to stabilize the ankle during the walk 38, 39 (A) . In addition to this, improvement in motor control should be observed to select the most adopted resource to be indicated for each individual 40 (A).
Recommendation
When discussing the improvement in gait pattern, gait training with orthosis shows better results compared to gait training without orthosis. The most used orthosis is the ankle-foot orthosis, AFO, which is capable of better stabilizing the ankle joint, providing better propioception to the hemiparetic limb and consequently improving posture and gait pattern.
Is sensory stimulation with the use of tens effective in the improvement of balance or gait patterns in patients with EVA sequelae?
The electrical stimulation with the use of TENS is largely used in rehabilitation for analgesia purposes, however, there are parameters that can be set in the TENS equipment that produce effects only in sensory level. Such sensory effects could be considered as another sensory stimulation instrument on patients with EVA sequelae. Sensory modification of these patients is partially responsible for the change in balance and gait disorders 42, 43 (A).
The use of transcutaneous electrical nerve stimulation, TENS, in patients with EVA sequelae in the chronic phase, for sixty minutes five times a week for at least four weeks with 100 Hz frequency and 0.2 ms pulse width settings 42, 43 is effective in improving peak torque of dorsiflexors and plantiflexors 43 , in addition to being effective in improving gait speed up to three times over 42 when compared to not using 42, 43 
(A).
There were no consistent evidences to support the use of TENS to improve balance in patients with EVA sequelae in the chronic phase.
Recommendation
Regarding transcutaneous electrical nerve stimulation with sensory parameters for improved function of lower limbs and gait pattern, the use for sixty minutes, five times a week for at least four weeks with 100 Hz frequency and 0.2 ms pulse width settings is effective.
Does the use of functional electrical stimulation reduce spasticity in post-EVA chronic patients?
With the use of electrical stimulation in the ankle dorsiflexor muscles, stimulation current parameter settings: frequency 50 Hz and pulse 0.4 ms, patients present significant spasticity reduction by the Modified Ashworth Scale -MAS (p = 0,000) 44 (A). When the patients are treated with the Bobath technique and in half the group is applied electrical stimulation to the dorsiflexor muscles, stimulation current parameter settings: frequency 100 Hz and pulse 0.1 ms, the results of this combination therapy indicates a significant spasticity reduction according to MAS (p = 0,0001) 45 (A). By using another methodology, the electrical stimulation in the muscle-tendon junction of the gastrocnemius muscle, stimulation current parameter settings: frequency 20 Hz and pulse 0.2 ms, there is a significant improvement in the spasticity measured by the Modified Ashworth Scale, MAS 46 (B).
Recommendation
The use of electrical stimulation reduces lower limb spasticity in hemiplegic patients when used according to the principle of reciprocal innervation, ankle dorsiflexor muscles, or to the principle of increasing activation of type IIb muscle fibers, muscle-tendon junction of the gastrocnemius muscle.
Does the use of virtual reality as therapeutic intervention
provide benefits to patient with chronic EVA sequelae? Virtual reality refers to a wide range of technologies that provide sensory visual and propioceptive information, artificially generated by real world objects and events simulators 53 (B).
Several responses are expected with the use of this technology. From balance improvement 47 (B), upper limb function 50,56 (B) 55 (C) 57 and gait 49 (B) 54 , (A) to cognitive and autonomy improvements 51,52 (B).
Static Balance: There are no confirming evidences to the effectiveness of the use of virtual reality as a therapeutic instrument for patients with chronic EVA sequelae, using the virtual reality program in thirty-minute sessions, four times a week 47 (B).
Dynamic Balance: There is improvement of patients with chronic EVA sequelae with the use of virtual reality as a therapeutic instrument, using the virtual reality program in thirty-minute sessions, four times a week 47 (B).
Gait Improvement: The use of virtual reality in combination with treadmill gait training, provides up to twelve times improvement in the gait of patient with chronic EVA sequelae, when the equipment Rutgers Ankle Rehabilitation System, RARS, is used three times a week, for four weeks, in sixty-minute interventions or with the virtual reality system Fastrack Polhemus, in twenty-minute sessions, three times a week for at least three weeks 49 (B) 54 (A). There is also improvement in the lower limb control in the toe-off phases in the gait pre-balancing phase, when using the IREX VR program in sixty-minute sessions, five times a week for, at least, four weeks 48, 49 (B) .
Amplitude of Movement Improvement: There are no evidences to prove that the use of virtual reality could improve lower limb amplitude of movement, when using lower limb virtual reality equipment, three times a week, for four weeks and approximately sixty-minute interventions 49 (B). However, regarding upper limbs, the use of virtual reality improves amplitude of movement of the thumb in 80% and 20% of the other fingers, when using the Rutgers Master II-ND equipment and the Cyber Glove, for at least thirteen trainings, five times a week for three weeks 57 (B).
Upper limb function improvement: The use training with virtual reality programs for functional recovery of upper limbs is cabable of reducing up to four times the time of performance tasks that require fine motor skills, when using either the Rutger Master II-ND equipment, or virtual reality semi-immersion workstation, or the Virtual
